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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a solid electrolyte which generates no 
vapor pressure, even at high temperature and having high ion conductivity and 
high film strength by adding a reactive polyalkylene oxide and a lithium 
inorganic salt to a self-crosslinkable block-graft copolymer formed of a block 
A of repeat unit, a block B and/or a block C to perform the crosslinking 
reaction. 

SOLUTION: A self-crosslinkable block-graft copolymer formed of a block A of 
formula I, a block B of formula II and/or a block C of formula III is used. 
Preferably, a reactive polyalkylene oxide of formula IV is crosslinked with a 
copolymer having a constitution ratio of the block A having a polymerization 
degree of 10 or higher to the block B having a polymerization degree of 300 or 
higher of 1:30-30:1. In the formulae, R1 represents H, methyl or ethyl; R2 
represents H or methyl; R3 represents an alkyl, aryl or the like; R4 and R5 
each represents H, methyl or ethyl; R6 and R7 each represents H or methyl; R8 
represents H2C=CHCO-, vinyl or the like; and (y) is 2 or 3. 
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ABSTRACTED-PUB-NO: JP2000285751A 
BASIC-ABSTRACT: 

NOVELTY - A reactive polyalkylene oxide and a lithium-based inorganic salt are 
added to a self-crosslinking block-graft copolymer. A crosslinking reaction is 
applied to the self-crosslinking block-graft copolymer and the reactive 
polyalkylene oxide. 

DETAILED DESCRIPTION - The reactive polyalkylene oxide of formula (IV) is new. 
The self-crosslinking block-graft copolymer consists of a block chain A 
consisting of a repeating unit of formula (I), and a block chain B consisting 
of a repeating unit of formula (II) and/or a block chain C consisting of a 
repeating unit of formula (III). 

R1 = H, methyl, or ethyl; 

R2 = H, or methyl; 

R3 = alkyl, aryl, acyl, silyl, or cyanoalkyl; 
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n = integer of 1-100; 

graft chain of formula (V) has number-average molecular weight of 45-4,400; 
R4, R5 = H, methyl, or ethyl; < 
y = 2 or 3; 

total of k and m = 200 or greater; 
constitutive ratio of k to m = 95:5-50:50; 

in formula (III), its arrangement system is of random, or alternate; 
R6, R7 = H, or methyl; 

R8 = H2C=CHCO-, H2C=C(CH3)CO- f vinyl, allyl, epoxide, 25C or less-alkyl, 
phenyl, or substituted phenyl; 

R9 ethylene oxide, or tetramethylene oxide; 

e, f = integer of 0-25; not simultaneously 0,when one = 0, other = integer of 1 
or greater; 

X = -PhC(CH3)2PhO-, or single bond; 
Ph = phenylene. 

USE - The method produces the crosslinking macromolecular solid electrolyte 
used in a primary or a secondary battery, particularly, the high-temperature 
operating secondary battery used in an electric car, or for night power 
storage. 

ADVANTAGE - The crosslinking macromolecular electrolyte has superior film 
strength, high ion conductivity, and good moldability to a film. 
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* NOTICES * 




Japan Patent Office is not responsible for any , J 

damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of of the solid polymer 
electrolyte used for manufacture of a primary cell, a rechargeable battery, etc., especially the object for 
electric vehicles and the solid polymer electrolyte optimal at night for the elevated-temperature actuation 
mold rechargeable batteries for stationary energy storage etc. 



[Description of the Prior Art] As a solid electrolyte research and development in is done conventionally, 
the so-called inorganic system ingredients, such as beta-alumina, Li2Ti03, RbAg41.5, a silver iodide, or 
a tungstophosphoric acid, are known widely. However, an inorganic system ingredient has a fault, like 
the ion conductivity in (3) (4) from which flexible and thin film is not obtained room temperature which 
cannot be fabricated in the configuration of (2) arbitration where (1) specific gravity is heavy is low, and 
poses a practical problem. 

[0003] In recent years, the organic system ingredient attracts attention as an ingredient which improves 
the above-mentioned fault. The general presentation of an organic system ingredient consists of solid 
polymer electrolytes (SPE) which mixed the electrolyte used as carriers, such as LiC104 and LiBF4, and 
were dissolved in the macromolecule used as matrices, such as polyalkylene oxide, silicone rubber, a 
fluororesin, or polyphosphazene. Although such SPE is lightweight as compared with an inorganic 
system ingredient, and is supple and it has the description that shaping and processing of FIRUMUHE 
are easy, the researches and developments for [ here ] building more practical SPE are done actively, 
maintaining these descriptions in several years. 

[0004] As an applicable field of SPE, it divides roughly and the noncommercial small rechargeable 
battery of the low-power output which operates in (1) ordinary temperature, and a high power (2) 
elevated-temperature actuation mold large-sized rechargeable battery are mentioned. Here, although (1) 
is the rechargeable battery which raised ion conductivity by making the non-proton system organic 
electrolytic solution of a low-boiling point absorb and hold at polymeric materials using the so-called 
gel SPE as a diaphragm, since the configuration of a cell is almost the same as a lithium ion battery, it 
has arrived at the region of already the utilization as small and a super-thin cell despite low-power 
output. 

[0005] On the other hand, it is a lithium-polymer battery supposing (2) using a lithium met al for a 
negative electrode, and an electric vehicle and the application to the large-sized rechargeable battery for 
[ at night ] stationary energy storage will be expected in the near future. However, by these large-sized 
cells, since the calorific value at the time of charge and discharge became huge and the temperature of 
the cell itself also rose considerably, the danger of the sheathing can of a cell swelling with the vapor 
pressure of the electrolytic solution if the gel system SPE as shown in (1) is used, or exploding in being 
the worst was pointed out. Then, in order to solve these problems, the so-called elevated-temperature 
actuation type which raised ion conductivity by carrying out temperature up of the SPE simple substance 
(dry system) to 60-80 degrees C of large-sized rechargeable battery was proposed, and research and 
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development over a long period of time have been performed centering on the West. However, the 
actual condition is that SPE which safety is [ SPE ] high also in such an elevated-temperature field, and 
it has [ SPE ] the outstanding film reinforcement, and completely moreover does not generate vapor 
pressure within a fuel cell subsystem is not yet obtained, [0006] 

[Problem(s) to be Solved by the Invention] As an example of research of the above (2) For example, 
M.Watanabe et al and Solid State Ionics 79, 306(1995)-3 12. and S.Kohjiya et al, Second 
International Symposium on Polymer Electorolytes and ed.by Although B.Scrosati, Elsevier, Appl.ScL, 
London (1990), pp. 187- 196., etc. are mentioned Neither of SPE can be said that film reinforcement is 
enough although the ionic conductivity near a room temperature arrives at the base often to 4 S/cm, and 
it has not resulted in utilization. 

[0007] On the other hand, these people are patent No. (JP,5-51612,B) 1842047, and 
Makromol.Chem.Macromol.Symp.25 (1989) 249 and Reactive previously, and Functional Polymers, 37 
(1998) 169-182. and J.Polym.Sci., Part In A:Polym.Chem., 36, and 3021(1998)-3034 grade, it proposed 
about the synthetic approach of the block-graft copolymer used as the model of this invention. 
[0008] moreover, in patent No. (JP,5-51632,B) 1842048 In order to use this block-graft copolymer as an 
ion conductivity solid-state As opposed to the alkylene oxide unit 0.05-80-mol % Li, Na, K, The block- 
graft copolymer constituent with which the mineral salt which contains at least a kind of element chosen 
from Cs, Ag, Cu, and Mg was mixed is proposed as SPE. In JP,5-74195,B, Li cell which contained the 
composite with Li ion salt of the same block-graft copolymer as an electrolyte was proposed. However, 
since each above-mentioned proposal had the low ion conductivity in ordinary temperature, it did not 
result in utilization. 

[0009] Then, although these people proposed the block-graft copolymer constituent which comes to add 
polyalkylene oxide to the inorganic ion salt composite of a block-graft copolymer in JP,3-188151,A for 
the purpose of the ion conductivity improvement in a room temperature, when polyalkylene oxide was 
added too much so much to the block-graft copolymer, a part of polystyrene domain which is 
maintaining the mechanical strength dissolved, and it became clear that film reinforcement carried out 
embrittlement 

[0010] In order to solve this newly derived problem, in JP, 10-237 143, A, these people developed the 
block-graft copolymer which does not have solubility in various polyalkylene oxide and which uses as a 
block chain the polystyrene permuted by the silyl radical, and proposed the block-graft copolymer 
constituent which added polyalkylene oxide to this. Moreover, in JP, 1 0-208545,A, in order to protect a 
polystyrene domain from the solubility of the polyalkylene oxide added so much to the block-graft 
copolymer, the cross linking agent was used and the bridge formation mold SPE which constructed the 
bridge chemically and made the polystyrene domain main-points structure was proposed. Furthermore, 
in JP,10-223042,A and JP, 10-245427, A, even if it did not add a cross linking agent, the self-bridge 
formation mold block-graft copolymer which can construct a bridge easily in a polystyrene domain only 
by irradiating a high energy line was proposed. 

[001 1] Consequently, not only near a room temperature but SPE by which ion conductivity and film 
reinforcement have been greatly improved at the time of an elevated temperature (60-80 degrees C) is 
completed, and the elevated-temperature cell of utilization level can be easily produced now to a large 
quantity. 

[0012] However, there are some which show some vapor pressure in a 60-80-degree C temperature field 
depending on the class of polyalkylene oxide added to a block-graft copolymer. Moreover, since 
temperature up of the ten numbers was sometimes plentifully carried out from the temperature field 
assumed depending on the operating condition of a cell when Book SPE was applied to the large-sized 
cell of an elevated-temperature actuation mold, a safer cell with a large temperature margin has come to 
be required of an elevated-temperature side. 

[0013] Therefore, without vapor pressure occurring also in the time of an elevated temperature 100 
degrees C or more by constructing a bridge simultaneously and making a self-bridge formation mold 
block-graft copolymer and the added reactant polyalkylene oxide into the network structure of three 
dimensions about the solid electrolyte of a giant-molecule system, the object of this invention has high 
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film reinforcement by high ion conductivity, and tends to offer the manufacture approach of a bridge 
formation mold solid polymer electrolyte of moreover having excelled in shaping, workability etc 
[0014] 

[The means for solving a technical problem and the gestalt of implementation of invention] In order to 
solve such a technical problem, this invention To the self-bridge formation mold block-graft copolymer 
which consists of block chains C which consist of a repeat unit expressed with the block chain B which 
consists of a repeat unit expressed with the block chain A which consists of a repeat unit expressed with 
the following general formula I, and the following general formula II, and/or the following general 
formula III The reactant polyalkylene oxide and the lithium system mineral salt which are expressed 
with the following general formula IV are added, and the manufacture approach of the bridge formation 
mold solid polymer electrolyte characterized by carrying out crosslinking reaction of the above- 
mentioned self-bridge formation mold block-graft copolymer and the above-mentioned reactant 
polyalkylene oxide is offered. 

[0015] In this case, the block chain A of at least one sort of ten or more degrees of polymerization which 
consist of repeat units especially expressed with a general formula I Consist of block chains B of at least 
one sort of 300 or more degrees of polymerization which consist of repeating units expressed with a 
general formula II. A with a degrees of polymerization of 3 10 or more whose percentage (degree-of- 
polymerization ratio) of the block chain A and the block chain B is 1 :30-30:l self-bridge formation 
mold block-graft copolymer, Or the block chain A of at least one sort often or more degrees of 
polymerization which consist of repeat units expressed with a general formula I Consist of block chains 
C of at least one sort of 200 or more degrees of polymerization which consist of repeating units 
expressed with a general formula III. To a with a degrees of polymerization of 210 or more whose 
percentage (degree-of-polymerization ratio) of the block chain A and the block chain C is 1 :20-20: 1 
self-bridge formation mold block-graft copolymer the reactant polyalkylene oxide expressed with a 
general formula IV, while using together the polyalkylene oxide of one functionality and two 
functionality preferably and adding It is desirable by adding lithium system mineral salt and irradiating 
an electron ray preferably to carry out crosslinking reaction of the above-mentioned self-bridge 
formation mold block-graft copolymer and the above-mentioned reactant polyalkylene oxide. 
[0016] 
[Formula 5] 
-(CHz-crV 

0) 




(For Rl, a hydrogen atom, a methyl group or an ethyl group, and R2 are [ an alkyl group, an aryl group 
an acyl group, a silyl radical or a cyano alkyl group, and n of a hydrogen atom or a methyl group, and 
R3 ] the integers of 1-100 here.) Moreover, the number average molecular weight of the graft chain 
expressed with account I-a of formula Nakashita is 45-4,400 
[0017] 
[Formula 6] 
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H 



-(C^-C-O^R 3 
R 2 



(I-a) 



-(CH 2 -C>- 



(CH 2 )yCH-CH 2 



(A hydrogen atom, a methyl group or an ethyl group, and y of R4 are 2 or 3 here.) 
[0018] 
[Formula 7] 



R 4 R 5 




(CH 2 ) y CH=CH 2 



(A hydrogen atom, a methyl group or an ethyl group, and y of R4 and R5 are 2 or 3 here.) The grand 
total of k and m is 200 or more, and the percentage of k and m is 95:5-50:50. Moreover, the array 
method is random or alternation. 
[0019] 
[Formula 8] 



(As for a hydrogen atom or a methyl group, and R8, R6 and R7 are [ H2C=CHCO-, H2 C=C(CH3) CO-, 
a vinyl group, an allyl group, epoxide, a with a carbon number of 25 or less alkyl group, a phenyl group ' 
or a permutation phenyl group, and R9 ] ethyleneoxide or tetramethylen oxide here.) Although both e 
and fare the integers of 0-25, it is not simultaneously set to 0, and when one side is 0, another side 
surely becomes one or more integers. X shows -PhC(CH3)2PhO- or single bond. In addition, Ph shows a 
phenyl ene group. 

[0020] Since a bridge can be simultaneously constructed in both where reactant polyalkylene oxide 
compatibility -ized this approach for the graft component of a self-bridge formation mold block-graft 
copolymer and micro phase separation structure is formed, The trunk molecule connected by covalent 
bond raises the mechanical strength of a film, a graft component and the polyalkylene oxide over which 
the bridge was constructed form a continuous phase, and the path of a metal ion is secured. And from 
polyalkylene oxide, the high film of thermal stability which vapor pressure does not generate at all can 
be formed. 

[0021] And if an electron ray is irradiated as said reactant polyalkylene oxide, using the acrylate system 
of one functionality expressed with a general formula IV, or two functionality, a methacrylate system, an 
allyl compound system, epoxide, etc., the crosslinking reaction of reactant polyalkylene oxide can be' 



[0022] It is what vapor pressure does not occur at all simply and certainly at the time of an elevated 
temperature, but can manufacture the high bridge formation mold solid polymer electrolyte of film 
reinforcement by high ion conductivity by this manufacture approach. In order for this invention persons 
to maintain the mechanical strength excellent also in the time of an elevated temperature, and high ion 



R 6 R 7 

1 9 1 

H2C=C-C-0-(R%X -(CH 2 -CH-0)r R 

O 



completed. 
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conductivity taking advantage of the property of a block-graft copolymer and to obtain a safe 
polyelectrolyte moreover If a bridge is constructed simultaneously and both polyalkylene oxide added to 
a self-bridge formation mold block-graft copolymer and this is made into the network structure of three 
dimensions, the knowledge of the effective thing will be carried out and this invention will be 
completed. 

[0023] Hereafter, lessons is taken from this invention and it explains in more detail. The block-graft 
copolymer which becomes the origin of the bridge formation mold giant-molecule solid electrolyte of 
this invention The block chain A which consists of a repeat unit expressed with a general formula I as 
mentioned above It is the block-graft copolymer which consists of block chains C which consist of a 
repeat unit expressed with the block chain B which consists of a repeat unit expressed with a general 
formula II, and/or a general formula III. Especially, preferably, although it is the same on the above- 
mentioned patent No. 1842047, the thing currently indicated by JP, 10-237 143, A, and a basic target The 
block chain A of at least one sort of ten or more degrees of polymerization which will consist of repeat 
units expressed with a general formula I if the structure is shown here anew Consist of block chains B of 
at least one sort of 300 or more degrees of polymerization which consist of repeating units expressed 
with a general formula II. A with a degrees of polymerization of 3 10 or more whose percentage (degree- 
of-polymerization ratio) of the block chain A and the block chain B is 1:30-30:1 block-graft copolymer, 
Or the block chain A of at least one sort of ten or more degrees of polymerization which consist of 
repeat units expressed with a general formula I It is the with a degrees of polymerization of 210 or more 
whose percentage (degree-of-polymerization ratio) of the block chain A and the block chain C is 1:20- 
20:1 block-graft copolymer which consists of block chains C of at least one sort of 200 or more degrees 
of polymerization which consist of repeating units expressed with a general formula III 
[0024] 

[Formula 9] 
-<ch 2 -crV 



H 

1 3 

R 2 



(I) 



(For Rl, a hydrogen atom, a methyl group or an ethyl group, and R2 are [ an alkyl group, an aryl group 
an acyl group, a silyl radical or a cyano alkyl group, and n of a hydrogen atom or a methyl group, and 
R3 ] the integers of 1-100 here.) Moreover, the number average molecular weight of the graft chain 
expressed with following I-a is 45-4,400 among a formula. 
[0025] 

[Formula 10] 

H 

-(CHrC-O^R 3 (I-a) 
R 2 

[0026] Here, as an alkyl group of R3, carbon numbers 1-10, especially the thing of 1-2 are desirable, and 
as an aryl group, carbon numbers 6-10, especially the thing of 6-8 are mentioned, and especially a 
phenyl group is desirable. As an acyl group, carbon numbers 1-9, especially the thing of 1-2 are 
mentioned, and a formyl group, an acetyl group, etc. are specifically illustrated, as a silyl radical, what is 
shown by -SiR3 (R - mutual - the carbon numbers 3-15 the same or of a different kind - especially - 
the monovalence hydrocarbon group of 3-6 - it is an alkyl group preferably) is mentioned. As a cyano 
alkyl group, for example, carbon numbers 2-10, the cyano ethyl group which permuted a part of 
hydrogen atom of the alkyl group of 2-4 by the cyano group especially, a cyano propyl group, etc. are 
mentioned. 
[0027] 
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[Formula 1 1] 

R 4 

I 

-icn r c)- 

(D) 



(CH 2 ) y CH=CH 2 



(A hydrogen atom, a methyl group or an ethyl group, and y of R4 are 2 or 3 here ) 
[0028] 

[Formula 12] 

R 4 R 5 
I I 

~<CH r C) ffi -(CH_C) i - 

(TO) 




(A hydrogen atom, a methyl group or an ethyl group, and y of R4 and R5 are 2 or 3 here.) The grand 
total of k and m is 200 or more, and the percentage of k and m is 95:5-50:50. Moreover, the array 
method is random or alternation. 

[0029] The block chain A with which this block-graft copolymer consists of the congener or the repeat 
unit of a different kind expressed with a general formula I The block chain C which consists of the 
congener or the repeat unit of a different kind expressed with the block chain B which consists of the 
congener or the repeat unit of a different kind expressed with a general formula II, and/or a general 
formula III For example, although it is AB, AC, BAB, BAB', and CAC, CAC, BAC, BAB'AB and the 
thing which arbitration comes to arrange like CAB AC desirable ~ BAB — BAB — ' -- B'ABAB - ' - 
BAB'AB - CAC - CAC - 1 - CACAC - ' - CACAC - the array of BAB, BAB', CAC, CAC, etc. is 
mentioned still more preferably. In addition, in this example of an array, although B, B' and C, and C is 
contained in the block chain B and the block chain C, respectively, R4 and R5 are different or it shows 
that it is a block chain which a degree of polymerization is different and is mutually different. 
[0030] As for the percentage of both these block chains A and B, it is desirable that it is desirable that 
the polymerization degree of the block chain A of a polymer is [ the polymerization degree of 300 or 
more and C of the polymerization degree of B ] similarly 200 or more ten or more, and they are 1 :20- 
20:1 in 1:30-30:1, and the block chains A and C as a polymerization-degree ratio. Moreover, as for the 
degree of polymerization of the block-graft copolymer obtained by copolymerizing, in the array of the or 
more 310 50000 or less and the block chains A and C, it is desirable in the array of the block chains A 
and B that it is [ or more 210 ] 50000 or less. 

[003 1] The block chain A of a polymer may not show the micro phase separation structure where the ion 
conductivity domain whose polymerization degree it is the part which bears the function as a 
poly electrolyte, and is the description of this polymer less than in ten serves as a continuous phase. 
Moreover, for the part into which the block chain B holds a mechanical strength, as for a tangle between 
polymer molecules, less than 300 will be [ polymerization degree ] insufficient, and the mechanical 
strength of a film will fall. That is, it becomes difficult for the percentage of the block chains A and B to 
have too few graft components less than 1 :30, and to hold the function as a polyelectrolyte, and if 30: 1 is 
exceeded, the trunk component as a block chain will decrease, and there is a possibility that it may 
become impossible to maintain a mechanical strength. However, since a mechanical strength can 
maintain the block chain C with high Tg of a polymer also with an exceptionally low degree of 
polymerization compared with the block chain B, the degree of polymerization of 1:20-20:1, and the 
copolymer obtained by copolymerization-izing can be made [ a degree of polymerization ] or more into 
21 0 for percentage (degree-of-polymerization ratio) with 200 or more and the block chain A here. 
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[0032] The bridge formation mold giant-molecule solid electrolyte of this invention adds the reactant 
polyalkylene oxide and the lithium system mineral salt which are expressed with the following general 
formula IV by said block-graft copolymer, and carries out crosslinking reaction of a block-graft 
copolymer and this reactant polyalkylene oxide. 
[0033] 

[Formula 13] 

HjC^-C-O-^rVx^CHj-CFI-OJtR 8 

o 

(As for a hydrogen atom or a methyl group, and R8, R6 and R7 are [ H2C=CHCO-, H2 C=C(CH3) CO-, 
a vinyl group, an allyl group, epoxide, a with a carbon number of 25 or less alkyl group, a phenyl group' 
or a permutation phenyl group, and R9 ] ethyleneoxide or tetramethylen oxide here.) Although both e 
and fare the integers of 0-25, it is not simultaneously set to 0, and when one side is 0, another side 
surely becomes one or more integers. X shows -PhC(CH3)2PhO- or single bond. In addition, Ph shows a 
phenylene group. 

[0034] What is shown by the following formula is illustrated as epoxide of the above R8 
[0035] 

[Formula 14] 

-(CH 2 ) p CH-CH 2 f -(CH 2 ) q OCH 2 CH-CH 2 
O V 

(However, l-25q of p are the integers of 1-25.) 

Moreover, a tolyl group, a xylyl group, etc. are illustrated as a permutation phenyl group of R8. 
[0036] As for the reactant polyalkylene oxide added to a block-graft copolymer, what the acrylate 
derivative of a polyalkylene glycol, a methacrylate derivative, a vinyl system derivative, etc. suit, and 
contains neither active hydrogen nor a halogen in the structure is desirable. Specifically Methoxy 
ethylene glycol monochrome (meta) acrylate, Methoxy polyethylene-glycol monochrome (meta) 
acrylate, octoxy polyethylene-glycol-block-polypropylene-glycol monochrome (meta) acrylate, 
RAUROKISHI polyethylene-glycol monochrome (meta) acrylate, steer ROKISHI polyethylene-glycol 
monochrome (meta) acrylate, Ant ROKISHI polyethylene-glycol monochrome (meta) acrylate, nonyl 
phenoxy polyethylene-glycol monochrome (meta) acrylate, Nonyl phenoxy polypropylene-glycol 
monochrome (meta) acrylate, Nonyl phenoxy poly (ethylene glycol-propylene glycol) monochrome 
(meta) acrylate, Ethylene GURIKORUJI (meta) acrylate, polyethylene GURIKORUJI (meta) acrylate, 
Propylene GURIKORUJI (meta) acrylate, polypropylene GURIKORUJI (meta) acrylate, Polyethylene- 
glycol-block-polypropylene-glycol-block-polyethylene GURIKORUJI (meta) acrylate, 
Polytetramethylene GURIKORUJI (meta) acrylate, Pori (ethylene glycol -tetramethylene glycol) di 
(meth)acrylate, Pori (propylene glycol-tetramethylene glycol) di(meth)acrylate, etc. are mentioned. 
Moreover, in addition to this, the ethyleneoxide denaturation bisphenol A di(meth)acrylate which 
combined the block chains e and f by bisphenol A, ethyleneoxide-propylene oxide denaturation 
bisphenol A di(meth)acrylate, propylene oxide-tetramethylen oxide denaturation bisphenol A di(meth) 
acrylate, ethyleneoxide-block-propylene oxide denaturation bisphenol A di(meth)acrylate, etc. are 
mentioned. 

[0037] In this invention, it is fundamentally used combining 1 functionality polyalkylene oxide and 2 
functionality polyalkylene oxide. Moreover, it is also effective for two or more kinds to be mixed and to 
use the polyalkylene oxide with the same number of functional groups. Furthermore, although not 
illustrated here, since crosslinking density will become high more if the polyalkylene oxide of three or 
more organic functions is used, it becomes an effective means to aim at improvement in film 
reinforcement even if it makes some ion conductivity into a sacrifice. 

[0038] The addition of reactant polyalkylene oxide is 50 - 600 % of the weight preferably 5% of the 
weight or more to said block-graft copolymer, and the mixed ratios of 1 functionality polyalkylene oxide 
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and 2 functionality polyalkylene oxide are 5:95-95:5 as a weight ratio, and are 10:90-70:30 preferably. 
Moreover, the number of functional groups is equal and there is no limit especially in the mixed ratio of 
the reactant polyalkylene oxide from which a class differs. 

[0039] The addition approach of reactant polyalkylene oxide has the various approaches of forming 
membranes by the cast method etc., after dissolving in a common solvent with the approach and the 
block-graft copolymer which adds for example, to a block-graft copolymer, and is mechanically 
kneaded under ordinary temperature or heating, but since this block-graft copolymer also has a high 
function as a macromolecule compatibilizer, the alkylene oxide added by various approaches gathers to 
a graft phase automatically, and forms micro phase-separation structure. Therefore, the addition 
approach is arbitrary and there is especially no limit. 

[0040] The class of lithium system mineral added to said block-graft copolymer has at least one sort of 
good compounds chosen from LiC104, LiBF4, LiPF6, LiAsF6, LiCF3S03, and LiN(CF3S02) 2. 
moreover, the total number of mols of the alkyl ene oxide unit of the reactant polyalkylene oxide which 
added the rate to add with the graft chain of a block-graft copolymer - receiving - 0.01-80-mol % - it 
is preferably [ 0.02-15 mol% of] suitable, and the addition approach as well as polyalkylene oxide does 
not have a limit. 

[0041] In this invention, the approach (heat bridge formation) of making it construct a bridge with heat, 
the method (UV irradiation) of irradiating ultraviolet rays and making them construct a bridge, and the 
method (electron beam irradiation) of irradiating an electron ray and making it construct a bridge are 
illustrated as the approach of carrying out crosslinking reaction of the reactant polyalkylene oxide added 
to the block-graft copolymer. Beforehand heat bridge formation 2 and 2'-azobis (isobutyronitrile), a 
benzoyl peroxide, It is the approach of adding as a thermal polymerization initiator and making organic 
peroxide, such as a peroxidation methyl ethyl ketone, heating between predetermined time above 85 
degrees C after membrane formation. UV irradiation Beforehand 2 and 2-dimethoxy-2-phenyl aceto 
FEN, benzyl methyl ketal, It is the approach of adding and carrying out the UV irradiation of the 
photopolymerization initiators, such as a trimethylsilyl benzophenone, 2-methyl benzoin, 4- 
methoxybenzophenone, benzoin methyl ether, and anthraquinone, 3 minutes or more with the high- 
pressure mercury lamp of 500W after membrane formation. Moreover, electron beam irradiation is the 
approach of using electron-beam-irradiation equipment and irradiating the electron ray of the quantity of 
radiation of 5 - lOOMrad. after membrane formation. As mentioned above, a radical generating agent 
(polymerization initiator) is required of heat bridge formation and UV irradiation, but while the system 
of reaction becomes more complicated by using this, we are anxious also about having an adverse effect 
on transport of a lithium ion depending on the case. So, in this invention, energy level was high, the 
cross-linking method by the electron ray (radiation) which is easy to control upwards and does not need 
a radical generating agent was the optimal, for example, when trials various by the acceleration voltage 
of 200kV and 5 - lOOMrad. were performed using [Iwasaki Electric CB250/30/180L] as electron-beam- 
irradiation equipment, it was checked that it is the dramatically excellent bridge formation approach. 
[0042] The self-bridge formation mold block-graft copolymer which is the component the giant- 
molecule solid electrolyte by this invention (1) The high trunk molecule of (2) mechanical strengths in 
which clear micro phase separation structure is shown forms the false structure of cross linkage. Since 
(4) graft components which raise material strength and from which (3) graft components form a 
continuous phase, and secure the path of a metal ion also with low-molecular comparatively have a 
function as a compatibilizer while achieving the duty of structure preserving, Since a volatile constituent 
does not exist in (5) systems which can hold the polyalkylene oxide of a large quantity to stability in the 
film, it excels in the thermal stability at the time of an elevated temperature, and has many properties 
that safety is high. 

[0043] Therefore, if the solid polymer electrolyte of this invention is applied to the lithium polymer 
rechargeable battery which operates at the elevated temperatures for stationary energy storage etc. in the 
electric vehicle with which utilization will be expected from now on, or the night, while it is very 
effective in lightweight-izing of a cell, and thin-film-izing, a cell with very high safety can be made. 
[0044] Moreover, even if it uses the bridge formation mold polyelectrolyte of this invention for various 
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solid-state electrochemistry components, such as a primary cell, a capacitor, electrochromic display, or a 

sensor, in addition to a rechargeable battery component, it is effective. 

[0045] 

[Example] Although an example is given to below and the operation gestalt of this invention is 
concretely explained to it, this invention is not limited to these. In addition, the block copolymer in an 
example connects each component by -b-, for example, it writes Pori [ 3 component block copolymer of 
polybutenyl styrene, Polly p-hydroxystyrene, and polybutenyl styrene ] (butenyl styrene-b-p- 
hydroxystyrene-b-butenyl styrene), and -CO- and a graft chain connect and express with -g- the block 
chain which consists of random / a [mutual] copolymer of polybutenyl styrene and polystyrene. 
[0046] The presentation of a graft chain etc. was shown in [example 1] reactivity polyalkylene oxide, the 
molecular structure of the block-graft copolymer used in the electron ray bridge formation I example' 1 
of the self-bridge formation mold block-graft copolymer film which added lithium system mineral salt, 
the percentage of each block chain, and a list below. 

[0047] The sample No.B-1 (1) molecular structure of a block-graft copolymer: Pori [butenyl styrene-b- 
(p-hydroxystyrene-g-ethyleneoxide)-b-butenyl styrene] 

(2) A block chain A(general formula I):R1= hydrogen atom, R2= hydrogen atom, R3= methyl group, 
and degree-of-polymerization -250(3) block chain B(general formula II):R4= hydrogen atom, y= 2, the 
array method of a degree-of-polymerization -500(4) block chain : BAB (triblock copolymer)' 

(5) Percentage of a block chain (polymerization-degree ratio) : B:A:B=500:250:500=2:1:2 (2B:A=4:1) 

(6) Graft chain (general formula I-a) . after dissolving an R2= hydrogen atom, an R3= methyl group, n 
(degree of polymerization) = 15, 5 .0g (sample No.B-1) of (number-average-molecular-weight Mn) =660 
above-mentioned self-bridge formation mold block-graft copolymers, methoxy polyethylene-glycol- 
monomethacrylate (Mn=276) 2.0g, polyethylene-glycol diacrylate (Mn=214) l.Og, and LiClO40.5g in 
dimethyl carbonate 60ml, it cast in the Teflon petri dish. After putting this sample at the bottom of an 
argon air current, and a room temperature for about 20 hours and removing a superfluous solvent, the 
film of 20 micrometers of thickness was obtained by carrying out stoving at 80 more degrees C for 2 
hours. After irradiating the electron ray of the acceleration voltage of 200k V, and dosage lOMrad. at this 
film, thermal analysis of the obtained sample was carried out by differential thermobalance DSC-20 
(trade name by the SEIKO electronic industry company). Consequently, it is until it results in 250 
degrees C after that, although 1% or less of weight loss in quantity considered to originate in dimethyl 
carbonate near 90 degree C was seen. It turned out that it is held in a graft phase at stability, without 
having constructed the bridge over the reactant polyalkylene oxide added to the block-graft'copolymer 
thoroughly, and having not volatilized in the 1 00-250-degree C elevated temperature, therefore 
generating vapor pressure, since weight change was not observed. 

[0048] When thermal analysis of the sample which irradiated the electron ray of the acceleration voltage 
of 200k V, dosage 1 - 3Mrad., and obtained it on the film in front of the electron beam irradiation 
produced by the same formula as [example 2] reactivity polyalkylene oxide and the electron ray bridge 
formation II example 1 of the self-bridge formation mold block-graft copolymer film which added 
lithium system mineral salt was carried out, rapid weight loss in quantity was observed from near 150 
degree C. On the other hand, each sample which irradiated the dosage of 5 - lOOMrad. was stable to 250 
degrees C, and the weight loss in quantit y of thos eo ther than a solvent wasjiot observed at all. So, in 
the example after this, it was possible to have constructed a bridge thorougliiyTn the added reactant 
polyalkylene oxide, and quantity -of-radiation lOMrad. which does not generate vapor pressure in the 
elevated temperature which is 100-250 degrees C was made into the criteria dose. 
[0049] The bridge formation mold solid polymer electrolyte film of 20 micrometers of thickness was 
obtained by irradiating the electron ray of the acceleration voltage of 200kV, and dosage lOMrad., and 
carrying out the vacuum drying of the obtained sample to the film produced by the same formula as the 
[example 3] example 1 at 100 degrees C for 20 hours. Although the obtained film contained a lot of 
polyalkylene oxide, it was tough, and the storage modulus called for from dynamic viscoelasticity 
testing-machine RSA-II (trade name made from Reometric Inc.) showed 8.4xl06Pa or more (9.5xl06Pa 
and at least 80 degrees C) at 30 degrees C. Moreover, even if it compressed this electrolyte film by the 
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100kg/cm2 load by 20 degrees C, the polyalkylene oxide contained inside did not exude at all. 
[0050] This film was cut down to disc-like [ with a diameter of 10mm ], the electrode was formed across 
those both sides with the lithium metal plate, and ionic conductivity was computed by the complex 
impedance method using the alternating current impedance measuring device (multi-FURIKUENSHI 
LCRX meter 41 92A, trade name made from YOKOGAWA Hewlett Packard) with a frequency of 5Hz - 
5MHz. Consequently, the value of 0.7x10-3 S/cm was acquired at 80 degrees C. 
[005 1] The presentation of a graft chain etc. was shown in the molecular structure of the self-bridge 
formation mold block-graft copolymer (sample No.B-2-BT-2) used for the [examples 4-9] examples 4-9, 
and the percentage list of each block chain below. Moreover, after adding the reactant polyalkylene 
oxide and lithium system mineral from which a class differs in a following self-bridge formation mold 
block-graft copolymer, when the same assessment as an example 3 was performed using the bridge 
formation mold solid polymer electrolyte film which constructed the bridge by the exposure of an 
electron ray, the result as shown in a table 1 was obtained. 

[0052] Sample No.B-2 (1) molecular structure: Pori [butenyl styrene-b-(p-hydroxystyrene-g- 
ethyleneoxide)-b-butenyl styrene] 

(2) A block chain A(general formula I):R1= hydrogen atom, R2= hydrogen atom, R3= methyl group, 
and degree-of-polymerization =250(3) block chain B(general formula II).R4= hydrogen atom, y= 2, the 
array method of a degree-of-polymerization =500(4) block chain : BAB (triblock copolymer) ' 

(5) Percentage of a block chain (polymerization-degree ratio) : B:A:B=500:250:500=2: 1 :2 (2B:A=4. 1) 

(6) Graft chain (general formula I-a) : an R2= hydrogen atom, an R3= methyl group, n= 23, (number- 
average-molecular-weight Mn) =1010 [0053] Sample No.BT-1 (1) molecular structure: Pori [(styrene- 
co-butenyl styrene)-b-(p-hydroxystyrene-g-ethyleneoxide)-b-(styrene-co-butenyl styrene)] 

(2) A block chain A(geneVal formula I):R1= hydrogen atom, an R2= hydrogen atom, an R3= methyl 
group, a degree-of-polymerization =250(3) block chain C(general formula HI):R4= hydrogen atom, an 
R5= hydrogen atom, y= 2, m(degree of polymerization) = 100, the array method of a k(degree of 
polymerization) =400(4) block chain : CAC (triblock copolymer) 

(5) Percentage of a block chain (polymerization-degree ratio) : C : A: C=( 100+400): 250: (100+400) =2: 1:2 
(2 C.A 4. 1^ 

(6) Graft chain (general formula I-a) : an R2= hydrogen atom, an R3= methyl group, n= 9, (number- 
average-molecular-weight Mn) =400 [0054] Sample No.BT-2 (1) molecular structure: Pori [(styrene-co- 
butenyl styrene)-b-(p-hydroxystyrene-g-ethyleneoxide)-b-(styrene-co-butenyl styrene)] 

(2) The array method of a block chain A(general formula I):R1= hydrogen atom, an R2= hydrogen 
atom, an R3= methyl group, a degree-of-polymerization =250(3) block chain C(general formula 
ni):R4= hydrogen atom, an R5= hydrogen atom, y= 2, m(degree of polymerization) = 50, and a k 
(degree of polymerization) =450(4) block chain : CAC (triblock copolymer) 

(5) Percentage of a block chain (polymerization-degree ratio) : C:A:C=(50+450V250 (50+450) =2 1 2 (2 
C:A=4:1) 

(6) Graft chain (general formula I-a) : an R2= hydrogen atom, an R3= methyl group, n= 14, (number- 
average-molecular-weight Mn) =620 [0055] 

[A table 1] 
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A: Methoxy polyethylene glycol monomethacrylate (Mn=276) 

B: Polyethylene-glycol diacrylate (Mn=302) 

C: Methoxy polyethylene-glycol monoacrylate (Mn=466) 

D: Poly propylene-glycol dimethacrylate (Mn=386) 

E: Methoxy polyethylene glycol monomethacrylate (Mn=496) 

F: Ant ROKISHI polyethylene glycol monomethacrylate (Mn=214) 

G: Octoxy polyethylene-glycol-polypropylene glycol monomethacrylate (Mn=898) 

H: Poly propylene-glycol diacrylate (Mn=302) 

I: Pori (ethylene glycol -tetramethylene glycol) JIMETA acrylate (Mn=600) 

J: RAUROKISHI polyethylene-glycol monoacrylate (Mn-400) 

K: Polypropylene-glycol diacrylate (Mn=518) 

L: Methoxy polyethylene-glycol monoacrylate (Mn=482) 

M: Ant ROKISHI polyethylene-glycol monoacrylate (Mn=380) 

[0056] These results showed having high film reinforcement by high ion conductivity, without vapor 
pressure occurring also in the time of an elevated temperature 100 degrees C or more, although the 
bridge formation mold giant-molecule solid electrolyte manufactured by this invention contained a lot of 
polyalkylene oxide and lithium system mineral in the film. 

[0057] According to the formation approach of the solid polymer electrolyte indicated by [example 1 of 
comparison] U.S. Pat No. 5296318, the film-like solid electrolyte of 100 micrometers of thickness was 
produced. After the approach carried out dissolution mixingj rf VdF/Iff PxQpQlymer [Atochem Kyner 
FLEX 2801 (trade name)] 5.0g, methoxy polyethylene-glycol-monomethacrylate (Mn=273) 2.0g, 
polyethylene-glycol diacrylate (Mn=214) LOg, and the LiClO40.5g at the 50ml tetrahydrofuran, it was 
cast in the Teflon petri dish. After putting this sample at the bottom of an argoiTauFc^^ 
temperature for about 20 hours and removing a superfluous solvent, stoving was carried out at 80 more 
degrees C for 2 hours. However, Atochem Kyner FLEX Since 2801 and polyalkylene oxide did not 
compatibility -ize at all, macroscopic phase separation occurred and only the half-solid-like film which is 
not solidified thoroughly was able to be obtained. 

[0058] The film with heterogeneous macroscopic phase separation having produced the half-solid-like 
film produced in the example 1 of the [example 2 of comparison] comparison, when the electron ray of 
the acceleration voltage of 200kV and dosage lOMrad. was irradiated was obtained. Moreover, at the 
electron ray dosage more than 50Mrad(s)., it is Atochem. Kyner FLEX The decomposition reaction of 
2801 advanced and fluorine gas occurred. 
[0059] 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/31/04 



Page 12 of 12 



[Effect of the Invention] According to this invention, the bridge formation mold solid polymer 
electrolyte suitably used as a large-sized rechargeable battery with good the outstanding film 
reinforcement and high ion conductivity and shaping to a film, and workability etc. is obtained. 



[Translation done ] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim 1] The manufacture approach of a bridge-formation mold solid polymer electrolyte of carrying 
out adding the reactant polyalkylene oxide and the lithium system mineral salt which are expressed with 
a general formula IV, and carrying out the crosslinking reaction of the above-mentioned self-bridge- 
formation mold block-graft copolymer and the above-mentioned reactant polyalkylene oxide to the self- 
bridge-formation mold block-graft copolymer which consists of block chains C which consist of a repeat 
unit expressed with the block chain B which consists of a repeat unit expressed with the block chain A 
which consists of a repeat unit expressed with a general formula I, a general formula II, and/or a general 
formula III as the description. 
[Formula 1] 

-<CH r CRV 



(For Rl, a hydrogen atom, a methyl group or an ethyl group, and R2 are [ an alkyl group, an aryl group 
an acyl group, a silyl radical or a cyano alkyl group, and n of a hydrogen atom or a methyl group, and 
R3 ] the integers of 1-100 here.) Moreover, the number average molecular weight of the graft chain 
expressed with account I-a of formula Nakashita is 45-4,400. 
[Formula 2] 

H 

I 

-(C^-C-O^R 3 (I-a) 



CLAIMS 



[Claim(s)] 




R 2 



-(CH r C>- 




(CH2)yCH=CH 2 



(A hydrogen atom, a methyl group or an ethyl group, and y of R4 are 2 or 3 here.) 
[Formula 3] 
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R R 5 
I I 
^CHrQa-fCHj-Oj- 



(m) 

(CH 2 ) y CH=CH 2 



(A hydrogen atom, a methyl group or an ethyl group, and y of R4 and R5 are 2 or 3 here.) The grand 
total of k and m is 200 or more, and the percentage of k and m is 95:5-50:50. Moreover, the array 
method is random or alternation. 
[Formula 4] 

R* R 7 

h^c-co^rVx^chj-ch-ojtr 8 CIV) 
o 



(As for a hydrogen atom or a methyl group, and R8, R6 and R7 are [ H2C=CHCO-, H2 C=C(CH3) CO-, 
a vinyl group, an allyl group, epoxide, a with a carbon number of 25 or less alkyl group, a phenyl group' 
or a permutation phenyl group, and R9 ] ethyleneoxide or tetramethylen oxide here.) Although both e 
and fare the integers of 0-25, it is not simultaneously set to 0, and when one side is 0, another side 
surely becomes one or more integers. X shows -PhC(CH3)2PhO- or single bond. In addition, Ph shows a 
phenylene group. 

[Claim 2] The block chain A of at least one sort of ten or more degrees of polymerization which consist 
of repeat units expressed with a general formula I in claim 1 Consist of block chains B of at least one 
sort of 300 or more degrees of polymerization which consist of repeating units expressed with a general 
formula II. To a with a degrees of polymerization of 3 10 or more whose percentage (degree-of- 
polymerization ratio) of the block chain A and the block chain B is 1 :3 0-30:1 self-bridge formation 
mold block-graft copolymer The manufacture approach of the bridge formation mold solid polymer 
electrolyte characterized by adding the reactant polyalkylene oxide and the lithium system mineral salt 
which are expressed with a general formula IV, and carrying out crosslinking reaction of the above- 
mentioned self-bridge formation mold block-graft copolymer and the above-mentioned reactant 
polyalkylene oxide. 

[Claim 3] The block chain A of at least one sort of ten or more degrees of polymerization which consist 
of repeat units expressed with a general formula I in claim 1 Consist of block chains C of at least one 
sort of 200 or more degrees of polymerization which consist of repeating units expressed with a general 
formula III. To a with a degrees of polymerization of 210 or more whose percentage (degree-of- 
polymerization ratio) of the block chain A and the block chain C is 1 :20-20:l self-bridge formation 
mold block-graft copolymer The manufacture approach of the bridge formation mold solid polymer 
electrolyte characterized by adding the reactant polyalkylene oxide and the lithium system mineral salt 
which are expressed with a general formula IV, and carrying out crosslinking reaction of the above- 
mentioned self-bridge formation mold block-graft copolymer and the above-mentioned reactant 
polyalkylene oxide. 

[Claim 4] The manufacture approach of claim 1 characterized by carrying out crosslinking reaction by 
irradiating an electron ray thru/or the bridge formation mold solid polymer electrolyte of three given in 
any 1 term. 

[Claim 5] The manufacture approach of claim 1 which used together 1 functionality polyalkylene oxide 
and 2 functionality polyalkylene oxide as reactant polyalkylene oxide expressed with a general formula 
IV thru/or the bridge formation mold solid polymer electrolyte of four given in any 1 term. 



[Translation done.] 
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